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(54) Variable displacement compressor 

(57) A variable displacement compressor includes a 
rotary valve which can rotate synchronously with a drive 
shaft. The rotary valve includes a center hole with one 
end closed and with the other end in constant communi- 
cation with a suction chamber, and a communicating 
hole intermittently provide a fluid communication 
between the center hole and a gas extracting passage 
extending from a crank chamber along with the rotation 
of the rotary valve. The amount of refrigerant gas flow- 
ing back from the crank chamber to the suction cham- 
ber through the gas extracting passage is reduced by 
exactly the amount of the refrigerant gas which can flow 



through the gas extracting passage unless it is closed 
by the rotary valve. Therefore, even if the sectional area 
of the gas extracting passage is increased to an extent 
of being able to prevent sludge and other foreign matter 
from clogging it and ensure the processing accuracy 
and productivity, the increase of the amount of gas fed 
to the crank chamber at the time of transition from a 
large displacement operation to a low displacement 
operation, and the increase in the power loss of the 
compressor, can be suppressed. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a variable dis- 
placement compressor suitable for use in vehicular air- 
conditioning system, and more particularly relates to an 
improvement in a variable displacement compressor of 
the type having a gas extracting passage providing fluid 
communication between a crank chamber and a suction 
chamber. 

2. Description of the Related Art 

[0002] In the related art as a variable displacement 
compressor able to change its displacement there is 
known one including a cylinder block provided with a 
plurality of bores around its center axis, a drive shaft 
inserted into a shaft hole of the cylinder block and sup- 
ported thereby to be rotatable about its center axis, a 
swash plate supported by the drive shaft inside a crank 
chamber to be able to change an angle of inclination 
thereof with respect to a plane vertical to the center axis 
of the drive shaft, pistons coupled with the swash plate 
and moving reciprocally inside the bores, a housing 
closing off an end face of the cylinder block and having 
a suction chamber for a refrigerant before compression 
and a discharge chamber for the refrigerant after com- 
pression, a gas extracting passage providing constant 
fluid communication between the crank chamber and 
the suction chamber, a gas feed passage providing fluid 
communication between the crank chamber and the 
discharge chamber, and a displacement control valve 
for opening and closing the gas feed passage. 
[0003] In this compressor, when the suction chamber 
pressure falls below a set value, the displacement con- 
trol valve opens the gas feed passage in response to 
the pressure. When the suction chamber pressure rises 
above the set value, the displacement control valve 
closes the gas feed passage. 

[0004] Therefore, when the compressor is operated at 
full capacity with the displacement control valve closing 
the gas feed passage, the refrigerant gas blowing by 
from the compression chambers in the bores to the 
crank chamber always flows through the gas extracting 
passage back to the suction chamber, to maintain the 
difference between the crank chamber pressure and the 
suction chamber pressure at an extremely small value 
and hold the swash plate at the maximum angle of incli- 
nation. When the suction chamber pressure falls below 
the set value in accordance with a decrease in the ther- 
mal load in the air-conditioning system, the displace- 
ment control valve is opened, to feed a high pressure 
refrigerant gas from the discharge chamber to the crank 
chamber while causing an increase in the crank cham- 
ber pressure. In other words, the difference between the 



crank chamber pressure and the suction chamber pres- 
sure becomes larger, and the angle of inclination of the 
swash plate is gradually reduced to reduce the cfis- 
charge capacity of the compressor. Later, the thermal 

5 load again starts to increase due to the continuation of 
the low displacement operation. When the displace- 
ment control valve is closed in accordance with a rise in 
the suction chamber pressure above the set value, the 
crank chamber pressure falls because the refrigerant 

io gas always flows passage from the crank chamber 
through the gas extracting passage to the suction 
chamber, that is, the angte of inclination of the rotating 
swash plate is increased. Thus, the crank chamber 
pressure is adjusted in accordance with the suction 

15 chamber pressure. Based on this, the angle of inclina- 
tion of the swash plate is adjustably changed and the 
displacement of the compressor is controlled. 
[0005] In the above-mentioned variable displacement 
compressor, while the transition from large displace- 

20 ment operation to low displacement operation can be 
achieved by positively feeding discharge refrigerant gas 
into the crank chamber, the refrigerant gas in the crank 
chamber is constantly allowed to return through the gas 
extracting passage to the suction chamber. Namely, a 

25 part of the refrigerant gas compressed by the compres- 
sor is used for controlling the displacement of the com- 
pressor per se. In this control system, when the 
sectional area of the gas extracting passage is large, 
the amount of the gas fed into the crank chamber at the 

30 time of transition to low displacement operation 
increases proportionally to the sectional area of the gas 
extracting passage. Thus, the amount of refrigerant gas 
wasteful ly used for transition from the large displace- 
ment operation to the low displacement operation must 

35 be increased to result in a large power loss. Therefore, 
in order to effectively increase the crank chamber pres- 
sure by a small amount of feed gas and to reduce the 
above power loss at the time of transition to the low dis- 
placement operation, the gas extracting passage needs 

40 to be formed to have a small sectional area. 

[0006] If the sectional area of the gas extracting pas- 
sage is made smaller, however, the sludge and other 
foreign matter contained in the refrigerant gas is liable 
to clog the gas extracting passage and results in the 

45 function as a gas extracting passage being completely 
tost. 

[0007] Further, in the above variable displacement 
compressor, the gas extracting passage extending 
between the suction chamber and the crank chamber is 

so normally formed to pass through the cylinder block. Fur- 
ther, due to the demands for reducing the weight of the 
compressor, aluminum alloys have recently been used 
as the material for cylinder blocks and pistons, but when 
drilling a hole of a small diameter as a gas extracting 

55 passage in a cylinder block made of an aluminum alloy, 
there is also a problem in that the processing accuracy 
and productivity are reduced due to the attachment of 
the chips to the drill during the drilling operation. 
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SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention 
to provide a variable displacement compressor able to 
solve the problem of clogging by foreign matter and the 
problem of the reduction of the processing accuracy 
while keeping down the power loss. 
[0009] According to one aspect of the present inven- 
tion, there is provided a variable displacement compres- 
sor which includes a cylinder block having a center axis 
thereof and provided with a plurality bores around the 
center axis; a drive shaft inserted into a shaft hole of the 
cylinder block and supported by the cylinder block to be 
rotatable; a swash plate provided inside a crank cham- 
ber adjacent to said cylinder block and supported by the 
drive shaft to be able to change an angle of inclination 
thereof with respect to a plane vertical to the center axis 
of the drive shaft and to rotate together with the drive 
shaft; pistons coupled with the swash plate and recipro- 
cating inside the bores; a housing closing off an end 
face of the cylinder block and having a suction chamber 
and a discharge chamber; a gas extracting passage 
providing fluid communication between the crank cham- 
ber and the suction chamber; a gas feed passage pro- 
viding fluid communication between the crank chamber 
and the discharge chamber; a displacement control 
valve arranged on the gas feed passage and for adjust- 
ably changing the angle of inclination of the swash plate 
based on an adjustable change in the crank chamber 
pressure to thereby control a displacement of the com- 
pressor; and a valve element arranged in the gas 
extracting passage and operated in association with the 
rotation of the drive shaft so that the gas extracting pas- 
sage can be opened intermittently by the valve element 
during the rotation of the drive shaft. 
[0010] In this variable displacement compressor, 
since the gas extracting passage providing fluid com- 
munication between the crank chamber and the suction 
chamber can be intermittently opened by the valve ele- 
ment which is operated in association with the rotation 
of the drive shaft, the amount of the refrigerant gas flow- 
ing back from the crank chamber to the suction cham- 
ber through the gas extracting passage is reduced by 
exactly the amount of the refrigerant gas which can flow 
through the gas extracting passage unless it is closed 
by the valve element, and becomes an amount deter- 
mined in response to the rotational speed of the drive 
shaft. Therefore, even if the sectional area of the gas 
extracting passage is increased to an extent of being 
able to prevent sludge and other foreign matter from 
clogging it and ensure the processing accuracy and pro- 
ductivity, the increase of the amount of gas fed to the 
crank chamber at the time of transition from a large dis- 
placement operation to a low displacement operation 
can be suppressed exactly by the reduced amount of 
the refrigerant gas flowing back to the suction chamber 
and therefore the increase in the power loss due to the 
increase in the amount of refrigerant gas wastefully 



used for transition to the low displacement operation 
can be suppressed. 

[0011] In one preferred embodiment of the above- 
mentioned compressor, the valve element is a rotary 

5 valve to be rotatable synchronously with the drive shaft, 
the rotary valve comprising a center hole having one 
closed end and the other opened end at an end face of 
the rotary valve in constant communication with the suc- 
tion chamber, and a communicating hole extending 

w from the one closed end of the center hole toward the 
outside in a radial direction up to an outer circumferen- 
tial surface of the rotary valve and intermittently permit- 
ting the gas extracting passage extending from the 
crank chamber to be in communication with the center 

is hole during the rotation of the rotary valve. 

[001 2] In this variable displacement compressor, the 
communicating hole intermittently provides fluid com- 
munication between the gas extracting passage extend- 
ing from the crank chamber and the center hole which is 

20 in constant communication with the suction chamber 
along with the rotary valve rotating synchronously with 
the drive shaft. Therefore, the gas extracting passage 
providing fluid communication between the crank cham- 
ber and the suction chamber is intermittently opened by 

25 the rotation of the rotary valve in association with the 
rotation of the drive shaft. 

[001 3] Further preferably, the cylinder block has a plu- 
rality of connecting passages for providing fluid commu- 
nication between each of the bores and a valve 

30 accommodating chamber accommodating the rotary 
valve, and the rotary valve has a suction guide passage 
for permitting the center hole to be in sequential com- 
munication with the connecting passages of the plurality 
of bores in the suction stroke, so that the rotary valve 

35 additionally functions as a suction valve. 

[0014] In this variable displacement compressor, the 
rotary valve for intermittently providing a fluid communi- 
cation between the crank chamber and the suction 
chamber has an additional function as a suction valve 

ao for introducing refrigerant gas into each of the bores in 
the suction stroke from the suction chamber. In other 
words, when the rotary valve rotates synchronously with 
the drive shaft, the refrigerant gas in the suction cham- 
ber flows through the center hole, the suction guide pas- 

45 sage of the rotary valve and the connecting passage of 
each of the bores in the suction stroke, and is sequen- 
tially sucked into each of the bores. In this way, the 
smooth and stable suction effect of the refrigerant gas 
continues in the bores and the refrigerant gas can be 

so compressed. Therefore, the pressure loss of this com- 
pressor becomes extremely small and a sufficient volu- 
metric efficiency can be maintained. 
[001 5] In another preferred embodiment of the above- 
mentioned compressor, the drive shaft has a center axis 

55 thereof, the end face of the drive shaft being provided 
with an engaging protuberance extending parallel to the 
center axis of the drive shaft at a position offset from the 
center axis thereof, and the valve element is formed as 
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a reciprocating valve coupled with the engaging protu- 
berance so as to be able to reciprocate in a perpendic- 
ular direction with respect to the center axis in 
association with the rotation of the drive shaft, the recip- 
rocating valve element comprising an engaged portion 5 
having an elongated hole, the elongated hole extending 
long in a direction perpendicular to the direction of 
reciprocal movement of the reciprocating valve element 
and to a longitudinal direction of the drive shaft and 
engaged slidably with the engaging protuberance, and w 
a shutter extending integrally from the engaged portion 
in the direction of reciprocal movement so as to close 
the gas extracting passage and having a through hole 
intermittently communicating with the gas extracting 
passage in response to the reciprocal movement of the 1 5 
reciprocating valve element. 

[0016] In this variable displacement compressor, as 
the drive shaft rotates, the reciprocating valve element 
coupled with the engaging protuberance of the drive 
shaft reciprocates in the perpendicular direction with 20 
respect to the drive shaft. In other words, due to the 
rotation of the drive shaft, the engaging protuberance 
provided on the end face of the drive shaft at a position 
offset from the center axis rotates about the center axis. 
At this time, the engaging protuberance reciprocates in 25 
the longitudinal direction along the elongated hole of the 
engaged portion inside the elongated hole while rotat- 
ing. Due to this, the rotational force of the engaging pro- 
tuberance acts on the engaged portion as a force 
making the reciprocating valve element move linearly 30 
and as a result the reciprocating valve element recipro- 
cates in the perpendicular direction perpendicular to a 
longitudinal axis of the drive shaft and the longitudinal 
direction of the elongated hole. Further, the shutter 
extending from the engaged portion reciprocates so as 35 
to close the gas extracting passage, and thereby the 
through hole provided at the shutter intermittently opens 
the gas extracting passage in response to the reciprocal 
movement of the reciprocating valve element. 
[0017] Preferably, the discharge gas is discharged at 40 
a supercritical pressure of the refrigerant. 
[0018] In a compressor used for a supercritical cycle 
cooling apparatus discharging a refrigerant gas at a 
supercritical pressure of the refrigerant, since the dis- 
charge pressure is high, the sectional area of the gas 45 
extracting passage needs to be smaller. Therefore, the 
problem of clogging by foreign matter and the problem 
of the reduction of the processing accuracy or others 
become more marked. 

[001 9] On this point, since it is possibl e in this variable so 
displacement compressor to intermittently open the gas 
extracting passage by the action of the valve element, 
even H the compressor discharges the discharge gas at 
the supercritical pressure of the refrigerant, it would be 
possible to eliminate the problem of the clogging by for- ss 
eign matter and the problem of the reduction in the 
processing accuracy or others white suppressing the 
above-mentioned power loss. 



[0020] Preferably, in the above embodiment of the var- 
iable displacement compressor, the refrigerant is car- 
bon dioxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The above and other objects, features, and 
advantages of the present invention will be made more 
apparent from the following description of the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, wherein: 

Fig. 1 is a longitudinal sectional view of a variable 
displacement compressor according to a first 
embodiment of the present invention; 
Fig. 2 is a sectional view taken along the line ll-ll of 
Fig. 1 of a rotary valve of the compressor according 
to the illustrated first embodiment; 
Fig. 3 is a sectional view along the line Ill-Ill of Fig. 
1 of the compressor according to the first embodi- 
ment shown in Fig. 1 ; 

Fig. 4 is a longitudinal sectional view of a variable 
displacement compressor according to a second 
embodiment of the present invention; and 
Figs. 5A to 5C are views explaining the operation of 
the reciprocating valve element of the compressor 
of the second embodiment shown in Fig. 4, wherein 
Fig. 5A and Fig. 5C are views illustrating the state 
with the gas extracting passage closed and Fig. 5B 
is a view illustrating the state with the gas extracting 
passage opened. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0022] The embodiment of a variable displacement 
compressor 1 shown in Fig. 1 is used for a supercritical 
cycle cooling apparatus for vehicular air-conditioning. 
Such cooling apparatus includes the compressor 1 , a 
gas cooler used as a heat radiation type heat 
exchanger, an expansion valve used as a throttling 
means, an evaporator used as a heat absorption type 
heat exchanger, and an accumulator used as a vapor- 
liquid separator, which are connected in series to form a 
closed circuit wherein the apparatus operates so that 
the discharge pressure of the compressor (the higher 
pressure of the closed circuit) becomes the supercritical 
pressure of the refrigerant circulating in the circuit. As 
the refrigerant, carbon dioxide (CO2) is used. As the 
refrigerant, in addition to carbon dioxide (CO2). ethylene 
(C 2 H 4 ). diborane (B 2 H 6 ), ethane (C 2 H 6 ), nitrogen oxide, 
and the like may be used. 

[0023] In the compressor 1 , a front housing 1 1 is cou- 
pled to a front end of a cylinder block 10. A rear housing 
13 is coupled via a valve plate 12 or others to a rear end 
of the cylinder block 10. In a crank chamber 14 defined 
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by the front housing 11 and the cylinder block 10 is 
accommodated a drive shaft 15, one end of which 
extends from the front housing 1 1 and is secured to an 
armature of an electromagnetic clutch, not shown. The 
drive shaft 15 is rotatably supported by a shaft seal 5 
device and a radial bearing provided between the front 
housing 1 1 and cylinder block 10. The cylinder block 10 
is formed with six bores 10a - 1 0f at positions surround- 
ing the drive shaft 15. Each of the bores 10a to 101 
accommodates each of pistons 16. 
[0024] In the crank chamber 14, a rotor 18 is fixed to 
the drive shaft 15 via a thrust bearing at a distance from 
the front housing 1 1 to be rotatable in synchronism with 
the drive shaft 1 5, and a rotary swash plate 20 is pivoted 
behind the rotor 18 via a hinge mechanism 19 to be 
rotatable in synchronism with rotor 18. Further, a sleeve 
21 is slidingly fitted onto the circumferential surface of 
the drive shaft 15 in the crank chamber 14, and the 
rotary swash plate 20 is rockably engaged with a pivot 
21a projecting from the sleeve 21. On the rotary swash 
plate 20 is held, via a thrust bearing 22 or the like, a 
rocking swash plate 23, to which an anti-rotation pin, not 
shown, slidable solely in the axial direction in an anti- 
rotation groove 11a of the front housing 11, is fixed. A 
connecting rod 24 is provided between the rocking 
swash plate 23 and the respective piston 1 6, so that the 
respective piston 16 can be reciprocated inside the 
bores 10a - 10f in accordance with an angle of inclina- 
tion of the rocking swash plate 23 with respect to a 
plane vertical to a center axis of the drive shaft. 
[0025] A compressive spring 25 is provided between 
the sleeve 21 and a circlip affixed onto the drive shaft 15 
on the side of the cylinder block 10. By the action of the 
compressive spring 25, the rotary swash plate 20 can 
abut the rotor 1 8, whereby the rocking swash plate 23 is 
maintained at the maximum inclination angle at the 
starting point. When the compressive spring 25 is com- 
pressed to the minimum extent, the rocking swash plate 
23 is able to be maintained at the minimum inclination 
angle. 

[0026] The rear housing 13 is provided with a suction 
chamber 26 which is open at the center on the rear side 
face thereof and in communicating with a later men- 
tioned valve accommodating chamber 30 of the cylinder 
block 10. A discharge chamber 27 is formed in the out- 
ward region of the suction chamber 26. Compression 
chambers defined between the end faces of the pistons 
16 and the bores 10a - 1 0f are in communication with 
the discharge chamber 27 through the discharge ports 
12a formed in the valve plate 12. The discharge ports 
12a can be opened and closed by the discharge valve 
28, an opening degree of which is restricted by a 
retainer 28a on the side of the discharge chamber 27. 
[0027] In the rear portion of the cylinder block 10 and 
the front portion of the rear housing 1 2 is formed a cylin- 
drical-shaped valve accommodating chamber 30 which 
extends coaxiaNy with the shaft hole of the cylinder 
block 10 and from the rear portion of the cylinder block 



1 0 to the front portion of the rear housing 12 through the 
valve plate 12, the discharge valve 28, and the retainer 
28a. On the rear end face of the cylinder block 10 are 
radially formed six connecting passages 31. each ol 
which connects each of the tops of the bores 10a - 1 0f 
with the valve accommodating chamber 30 (see Fig. 3). 
The front side of the valve accommodating chamber 30 
is in communication with the gas extracting passage 32 
which extends to the front end face of the cylinder block 
10 and opens to the crank chamber 14, while the rear 
side of the valve accommodating chamber 30 is in com- 
munication with the suction chamber 26 of the rear 
housing 13. That is, the crank chamber 14 is in commu- 
nication with the suction chamber 26 through the valve 
accommodating chamber 30 and the gas extracting 
passage 32. The sectional area of the gas extracting 
passage 32 extending between the valve accommodat- 
ing chamber 30 and the crank chamber 14 is designed 
to prevent sludge or other foreign matter from clogging 
the passage and to secure the processing accuracy and 
productivity. Further, the sectional areas of a center hole 
42 and a communicating hole 43 in a later mentioned 
rotary valve 40 are equal to or more than the sectional 
area of the gas extracting passage 32. 
[0028] The valve accommodating chamber 30 accom- 
modates a cylindrical-shaped rotary valve 40, which is 
connected via a collet 41 to the rear end of the drive 
shaft 15 extending through the shaft hole of the cylinder 
block 10 to the front end of the valve accommodating 
chamber 30 and which is nonrotatable with respect to 
the drive shaft 15. The rotary valve 40 is provided with a 
center hole 42, at one end of which (the end to the front 
side of compressor 1) is closed and the other end ol 
which (the end to rear side of compressor 1} is open to 
the rear end face of the rotary valve 40 and is in con- 
stant communication with the suction chamber 26, a 
communicating hole 43 which extends in the radial 
direction from the one end of the center hole 42 outward 
to the outer circumferential surface of the rotary valve 
40 and which intermittently permits the gas extracting 
passage extending from the crank chamber 14 to be in 
communication with the center hole 42 during the rota- 
tion of the rotary valve 40, and a suction guide groove 
44 which is connected to the other end of the center 
hole 42 and is expanded toward a limited circumferen- 
tial region H aligning with the connecting passages 31 
so that the suction guide groove 44 provides sequential 
communication between the center hole 42 and the 
connecting passages 31 of the bores 10a to 1 0f in the 
suction stroke (see Fig. 2 and Fig. 3). While the suction 
guide groove 44 faces the connecting passages 31 of 
the bores 10a to 10f in the suction stroke, the suction 
chamber 26 is in communication with the bores 10a to 
10f through the center hole 42, and the rotary valve 40 
functions as a suction valve. 

[0029] The suction chamber 26 is connected through 
a pipe to the accumulator composing the refrigeration 
circuit of the cooling apparatus and the discharge cham- 
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ber 27 is connected through a pipe to the gas cooler 
composing the refrigeration circuit of the cooling appa- 
ratus. 

[0030] Further, through the cylinder block 10, the 
valve plate 12, the discharge valve 28, the retainer 28a, 5 
and the rear housing 13 is formed a gas feed passage 
33 communicating the crank chamber 14 with discharge 
chamber 27. In the rear housing 13 is provided a dis- 
placement control valve 34 on the middle of the gas 
feed passage 33. When the suction pressure falls below w 
a preset pressure, the gas feed passage 33 is opened 
by means of the displacement control valve 34 and the 
high pressure discharge gas is fed from the discharge 
chamber 27 into the crank chamber 14. Therefore, by 
means of the displacement control valve 30, the length is 
of the stroke of the piston 1 6 and the angle of inclination 
of the rocking swash plate 23 are adjustably changed to 
control a displacement of the compressor 1 in accord- 
ance with the difference between the suction chamber 
pressure and the crank chamber pressure which is con- 20 
trolled on the basis of the thermal load. 
[0031] The compressor 1 of the present invention is 
designed as described above, and when the drive shaft 
15 is rotated so that the rotational movements of the 
rotor 18 and the swash plate 20 are converted to back- 25 
ward and forward rocking movement of the rocking plate 
23 into cause the plurality of different pistons 16 
sequentially to reciprocate via the connecting rod 24 at 
different timings, the rotary valve 40 connected to the 
drive shaft 1 5 also rotates synchronously with the move- 30 
ment of the pistons 16. In other words, when one of pis- 
tons 16 enters the suction stroke, the wall surface 44a 
on the front side of the suction guide groove 44, with 
respect to the direction of rotation shown in Fig. 3, 
passes in a direction to open the connecting passage 35 
31 of a bore (for example 10b) which had been closed 
up to then and as a result the refrigerant gas is sucked 
from the suction chamber 26 to the bore 10b through 
the center hole 42, the suction guide groove 44 of the 
rotary valve 40 and the connecting passage 31. When 40 
the suction stroke ends, the wall surface 44b on the rear 
side of the suction guide groove 44 passes in a direction 
so as to close the connecting passage 31 to stop the 
suction of the refrigerant to the bore 10a. During the dis- 
charge stroke where the piston 15 in the bore 10b is 45 
moving forward, the outer circumferential surface of the 
rotary valve 40 keeps the connecting passage 31 of the 
bore 10b in the closed state and the compressed refrig- 
erant gas pushes to open the discharge valve 28 and is 
discharged via the discharge port 12a to the discharge so 
chamber 27. 

[0032] In this way, while the piston 16 is in the suction 
stroke due to the rotation of the drive shaft 15, the refrig- 
erant gas is sucked from the suction chamber 26 to the 
bore through the center hole 42, the suction guide ss 
groove 44 of the rotary valve 44 and the connecting pas- 
sage 31 . whereby the smooth and stable suction effect 
of the refrigerant gas continues and the refrigerant gas 



can be compressed. Therefore, the pressure loss of this 
compressor 1 is extremely small and a sufficient volu- 
metric efficiency can be maintained. 
[0033] In a compressor 1 using carbon dioxide as a 
refrigerant according to the present embodiment, since 
the discharge pressure is high as described above, the 
sectional area of the gas extracting passage 32 makes 
it difficult to suppress the power loss caused by the 
feeding of discharge gas to the crank chamber 1 4 at the 
time of transition from the large emplacement operation 
to the low displacement operation and simultaneously 
to eliminate the problem of the clogging by foreign mat- 
ter and the problem of the reduction of the processing 
accuracy or others. 

[0034] In this regard, in this compressor 1, the gas 
extracting passage 32 providing fluid communication 
between the crank chamber 14 and the suction cham- 
ber 26 can be opened intermittently by the rotary valve 
40 operated in association with the rotation of the drive 
shaft. In other words, as the rotary valve 40 rotates syn- 
chronously with the drive shaft 15, the center hole 42 
which is in constant communication with the suction 
chamber 26 is in intermittent communication with the 
gas extracting passage 32 extending from the crank 
chamber 14 via the through hole 43. In more detail, 
each time the drive shaft 15 turns once, the through 
hole 43 of the rotary valve 40 communicates once with 
the gas extracting passage 32. Thus, the gas extracting 
passage 32 is intermittently opened and refrigerant gas 
intermittently flows out from the crank chamber 1 4 to the 
suction chamber 26 through the gas extracting passage 
32, the through hole 43, and the center hole 42. There- 
fore, the amount of the refrigerant gas flowing from the 
crank chamber 14 to the suction chamber 26 through 
the gas extracting passage 32 and others is reduced by 
exactiy the amount of the refrigerant gas which can flow 
through the gas extracting passage 32 unless it is 
closed by the rotary valve 40, and becomes an amount 
determined in response to the rotational speed of the 
drive shaft 15. Therefore, even if the sectional area of 
the gas extracting passage 32 is increased to an extent 
of being able to prevent sludge and other foreign matter 
from clogging it and to ensure the processing accuracy 
and productivity in regard to the gas extracting passage, 
the increase of the amount of gas fed to the crank 
chamber 14 at the time of transition to a low displace- 
ment operation can be suppressed by exactly the 
amount of the reduction of the amount of the refrigerant 
gas flowing back to the suction chamber and therefore 
the increase in the power loss due to the increase in the 
amount of refrigerant gas wastefully used for transition 
to the low displacement operation can be suppressed. 
Therefore, even when the compressor 1 is discharging 
the refrigerant gas at a supercritical pressure, it is pos- 
sible to solve the problem of the clogging by foreign mat- 
ter and the problem associated with the processing 
accuracy of the gas extracting passage or others while 
suppressing the power toss. 
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Second Embodiment 

[0035] A variable displacement compressor 1 ' accord- 
ing to another embodiment shown in Fig. 4 uses a recip- 
rocating valve element 50 instead of the rotary valve 40 
as the valve element which is operated in association 
with the rotation ot the drive shaft 15. 
[0036] In the compressor V, the compression cham- 
bers defined by the end faces of the pistons 1 6 with the 
bores 10a to 10f are in communicated with the suction 
chamber 26 through suction ports 12b formed in the 
valve plate 1 2. The suction ports 1 2b are designed to be 
able to be opened and closed by a reed valve type suc- 
tion valve 29 interposed between the valve plate 1 2 and 
the cylinder block 10. 

[0037] On the rear end of the cylinder block 1 0, a valve 
accommodating chamber 30' is formed so that it is con- 
nected with the shaft hole of the cylinder block 10. The 
valve accommodating chamber 30' includes a circular 
chamber 30a formed coaxially with the drive shaft 15 
and a rectangular chamber 30b extending continuously 
downward from the circular chamber 30a. At the rectan- 
gular chamber 30b is opened a gas extracting passage 
32 providing fluid communication between the crank 
chamber 14 and the suction chamber 26 (see Figs. 5A - 
5C). 

[0038] The valve accommodating chamber 30" 
accommodates the reciprocating valve element 50 cou- 
pled with the drive shaft 15 so as to be able to recipro- 
cate in a perpendicular direction with respect to the 
drive shaft 15 (vertical direction in Fig. 4 and Figs. 5A - 
5C). Specifically, the rear end face of the drive shaft 15 
extending through the shaft hole of the cylinder block 10 
to the front end of the valve accommodating chamber 
30' is provided with an engaging protuberance 15a 
extending parallel to the center axis of the drive shaft 15 
at a position most offset from the center axis (within a 
range where the engaging protuberance 15a does not 
project outward in the radial direction from the circum- 
ferential surface of the drive shaft 15). The rear end of 
the protuberance 15a extends to the rear end of the 
valve accommodating chamber 30'. On the other hand, 
the reciprocating valve element 50 includes an ellipti- 
cal! y shaped engaged portion 51 having an elongated 
hole 51a which extends in a direction perpendicular to 
the direction of reciprocal movement (vertical direction 
in Fig. 4 and Figs. 5A - 5C) and to the longitudinal direc- 
tion of the drive shaft 15 and is engaged slidably with 
the engaging protuberance 1 5a, and a rectangular shut- 
ter 52 which extends integrally from the engaged por- 
tion 51 in the direction of the reciprocal movement so as 
to shut the gas extracting passage 32 and which has a 
through hole 52a intermittently communicating with the 
gas extracting passage 32 along with the above recipro- 
cal movement 

[0039] The length of the long axis of the engaged por- 
tion 51 of the reciprocating valve member 50 is some- 
what smaller than the diameter of the circular chamber 



30a of the valve accommodating chamber 30' so that 
the reciprocating valve member 50 can reciprocate in 
the above-mentioned direction of reciprocal movement 
in the valve accommodating chamber 30*. The shutter 

5 52 of the reciprocating valve element 50 can slide in the 
rectangular chamber 30b of the valve accommodating 
chamber 30\ Also, the longitudinal length of the elon- 
gated hole 51a of the reciprocating valve member 50 is 
substantially equal to the outer diameter of the drive 

w shaft 15, and the width of the elongated hole 51a is 
designed so that the engaging protuberance 15a can 
slide in the elongated hole 51a. Further, the diameter of 
the through hole 52a of the reciprocating valve element 
50 is substantially equal to that of the gas extracting 

is passage 32. The gas extracting passage 32 opens at a 
position where it is shut by the shutter 52 of the recipro- 
cating valve element 50 other than while communicating 
with the through hole 52a of the reciprocating valve ele- 
ment 52. 

20 [0040] The rest of the configuration is similar to that of 
the f irst embodiment. 

[0041] In the variable displacement compressor 1\ 
when the drive shaft 15 rotates, the reciprocating rotary 
valve 50 coupled with the engaging protuberance 15a of 

25 the drive shaft 15 reciprocates in the perpendicular 
direction with respect to the drive shaft 15. In other 
words, due to the rotation of the drive shaft 15, the 
engaging protuberance 15a located on the rear end 
face of the drive shaft 15 at a position offset from its 

30 center axis rotates about the center axis. At this time, 
the engaging protuberance 15a reciprocates in the lon- 
gitudinal direction in the elongated hole 51a of the 
engaged portion 51 of the reciprocating valve element 
50 while rotating. Due to this, the rotational force of the 

35 engaging protuberance 15a acts on the engaged por- 
tion 51 as a force making the reciprocating valve ele- 
ment 50 move linearly, and as a result, the reciprocating 
valve element 50 reciprocates in a direction perpendic- 
ular to the longitudinal direction of the elongated hole 

40 51a and to the axial direction of the drive shaft 15. By 
the reciprocal movement of the shutter 52 extending 
from the engaged portion 51 so as to shut the gas 
extracting passage 32, the through hole 52a located at 
the shutter 52 intermittently opens the gas extracting 

45 passage 32 along with the reciprocal movement of the 
shutter 52. 

[0042] In more detail, in the state of Fig. 5A, the 
engaging protuberance 15a and the reciprocating valve 
element 50 are at the highest position. At this time, the 

so engaging protuberance 15a is positioned at the center 
of the elongated hole 51a, and the through hole 52b is 
positioned above the gas extracting passage 32, which 
is shut by the shutter 52. Then, when the drive shaft 15 
rotates by a 1/4 turn and reaches the state of Fig. 5B, 

55 the engaging protuberance 15a also synchronously 
rotates by a 1/4 turn while sliding in the elongated hole 
51a and moves to one end of the elongated hole 51a. 
Thus, the reciprocating valve element 50 moves down- 
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ward in Fig. 5A and the through hole 52a of the shutter 
52 communicates with the gas extracting passage 32. 
Then, if the drive shaft 15 rotates by a 1/4 turn and 
reaches the state of Fig. 5C, the engaging protuberance 
15a also synchronously rotates by a 1/4 turn while slid- 5 
ing in the elongated hole 51a and returns to the center 
of the elongated hole 51a. Thus, as the reciprocating 
valve element 50 moves further downward in Fig. 5B, 
the through hole 52a of the shutter 52 shifts downward 
from the gas extracting passage 32, and the gas 
extracting passage 32 is shut by the shutter 52. Then, 
when the drive shaft 15 makes a half turn from the state 
of Fig. 5C. the through hole 52a passes through the 
state in communication with the gas extracting passage 
32 and returns once again to the state of Fig. 5A. In this 
way, the gas extracting passage 32 communicates with 
the through hole 52a two times each time the drive shaft 
15 rotates one turn. Thus, the gas extracting passage 
32 is intermittently opened and the refrigerant gas inter- 
mittently flows out through the gas extracting passage 
32 and through hole 52a from the crank chamber 14 to 
the suction chamber 26. 

[0043] Therefore, the compressor V according to the 
present embodiment also exhibits similar actions and 
effects as the first embodiment. 
[0044] In the above embodiments, the explanation has 
been made with reference to an example of application 
to a supercritical cycle cooling apparatus using carbon 
dioxide as a refrigerant, but it is to be understood that 
the compressor of the present invention can also be 
applied to a subcritical cycle cooling apparatus using a 
CFC type refrigerant or an other as a refrigerant. 
[0045] Further, while the present invention relates to a 
variable displacement compressor, there is nothing 
stopping application of the valve element of the present 
invention to a gas extracting passage of a fixed dis- 
placement compressor. 

[0046] While the invention has been described with 
reference to specific embodiments chosen for purposes 
of illustration, it should be apparent that numerous mod- 
ifications could be made thereto by those skilled in the 
art without departing from the basic concept and scope 
of the invention. 

Claims 

1 . A variable displacement compressor comprising: 

a cylinder block having a center axis thereof 
and provided with a plurality bores around the 
center axis; 

a drive shaft inserted into a shaft hole of said 
cylinder block and supported by said cylinder 
block to be rotatable; 

a swash plate provided inside a crank chamber 
adjacent to said cylinder block and supported 
by said drive shaft to be able to change an 
angle of inclination thereof with respect to a 



plane vertical to the center axis of said drive 
shaft and to rotate together with said drive 
shaft; 

pistons coupled with said swash plate and 
reciprocating inside said bores; 
a housing closing off an end face of the cylinder 
block and having a suction chamber and a dis- 
charge chamber; 

a gas extracting passage providing fluid com- 
munication between said crank chamber and 
said suction chamber; 

a gas feed passage providing fluid communica- 
tion between said crank chamber and said dis- 
charge chamber; 

a displacement control valve arranged on said 
gas feed passage and for adjustably changing 
the angle of inclination of said swash plate 
based on an adjustable change in the crank 
chamber pressure to thereby control a dis- 
placement of said compressor; and 
a valve element arranged in said gas extracting 
passage and operated in association with the 
rotation of said drive shaft so that said gas 
extracting passage can be opened intermit- 
tently by said valve element during the rotation 
of said drive shaft. 

2. A variable discharge compressor according to 
claim 1, wherein: said valve element is a rotary 
valve to be rotatable synchronously with said drive 
shaft, said rotary valve comprising a center hole 
having one closed end and the other opened end at 
an end face of said rotary valve in constant commu- 
nication with said suction chamber, and a communi- 
cating hole extending from said one closed end of 
said center hole toward the outside in a radial direc- 
tion up to an outer circumferential surface of said 
rotary valve and intermittently permitting said 
extracting passage extending from said crank 
chamber to be in communication with said center 
hole during the rotation of said rotary valve. 

3. A variable displacement compressor according to 
claim 2, wherein: 

said cylinder block has a plurality of connecting 
passages for providing fluid communication 
between each of the bores and a valve accom- 
modating chamber accommodating said rotary 
valve, and 

said rotary valve has a suction guide passage 
for permitting said center hole to be in sequen- 
tial communication with said connecting pas- 
sages of said plurality of bores in the suction 
stroke, so that said rotary valve additionally 
functions as a suction valve. 

4. A variable displacement compressor according to 
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claim 1, wherein: 

said drive shaft has a center axis thereof, the 
end face of said drive shaft being provided with 
an engaging protuberance extending parallel to s 
the center axis of said drive shaft at a position 
offset from the center axis thereof, and 
said valve element is formed as a reciprocating 
vatve coupled with the engaging protuberance 
so as to be able to reciprocate in a perpendicu- w 
lar direction with respect to the center axis in 
association with the rotation of said drive shaft, 
said reciprocating valve element comprising an 
engaged portion having an elongated hole, the 
elongated hole extending long in a direction is 
perpendicular to the direction of reciprocal 
movement of said reciprocating valve element 
and to a longitudinal direction of said drive 
shaft and engaged siidably with said engaging 
protuberance, and a shutter extending inte- 20 
grally from said engaged portion in the direc- 
tion of reciprocal movement so as to close said 
gas extracting passage and having a through 
hole intermittently communicating with said 
gas extracting passage in response to the 25 
reciprocal movement of said reciprocating 
valve element. 

A variable displacement compressor according to 
claim 1 , wherein the discharge gas is discharged at 30 
a supercritical pressure of the refrigerant 

A variable displacement compressor according to 
claim 5, wherein the refrigerant is carbon dioxide. 

35 
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